Genetic studies have demonstrated that salivary and pancreatic amylase genes are closely linked in human and mouse. To analyze the arrangement of genes within the amylase cluster, a library of YBR mouse genomic DNA was cloned in the cosmid vector pJB8. Clones containing amylase genes were identified by hybridization with amylase cDNA probes. Salivary and pancreatic amylase genes were isolated on separate cosmid clones, but no overlapping clones were evident from the initial screening. A strategy for the rapid isolation of terminal noncoding fragments from the cosmid clones was developed. By using these terminal fragments for chromosome "walking," a map of 78 kilobases of the amylase gene region was constructed. The salivary and pancreatic amylase genes are present within this region in the same 5'-to-3' orientation, separated by 22 kilobases of genomic DNA. A truncated amylase pseudogene is located 10 kilobases downstream from the pancreatic amylase gene.
(>90%) indicates that the two genes, Amy-i and Amy-2, are derived from a common ancestral gene (1, 4) . Close linkage ofAmy-i and Amy-2 has been established by genetic analysis of the segregation of electrophoretic variants (3, 5) . The offspring of more than 1500 meioses have been studied in crosses between inbred mice without observation of recombination between these genes (6) . This data suggested that the intergenic distance between Amy-i and Amy-2 may be less than 150 kilobases (kb). Consistent with their close linkage and sequence homology, the amylase genes appear to have undergone "correction" events during mammalian evolution (4, 7) .
The present study was undertaken to determine the precise organization of amylase gene copies within the mouse multigene cluster. To facilitate analysis of an extended chromosome region, cloning was carried out in a cosmid vector that accommodates 35-to 45-kb inserts of genomic DNA. We chose mouse strain YBR for these studies because of our interest in the independent regulation of its two active pancreatic amylase genes, Amy-2.1 and Amy-2.2 (3, (8) (9) (10) . We report here the characterization of a 78-kb portion of the amylase gene region that includes one salivary amylase gene, the Amy-2.1 pancreatic amylase gene, and an apparent amylase pseudogene. A subcloning strategy that facilitates chromosome "walking" in cosmid libraries is also described.
MATERIALS AND METHODS
Genomic DNA libraries were constructed from partially Mbo I-digested DNA isolated from livers of YBR/Ki mice. Restriction fragments of 35-50 kb were size-selected by centrifugation through a neutral sucrose gradient and inserted into' the BamHI site of the cosmid vector pJB8 (11, 12) . Recombinant molecules were packaged in vitro into X phage heads and used to infect Escherichia coli strain 490A (13 Fig. 2 ). This insert fragment was isolated from the vector by digestion with EcoRI and HindIII, followed by gel purification. The fragment was tested for the presence of repetitive sequences by probing a Southern blot of the subcloned DNA with nick-translated genomic DNA and also by using the labeled fragment to probe a Southern blot of genomic DNA. 
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Proc. NatL Acad Scd USA 82 (1985) 5447 restriction maps with those for the amylase genes from strain A/J (18), as shown in Fig. 1 for a representative clone of each type. Of the 10 mapped restriction sites in Amy-i from A/J, 9 were found in clone cSam47. The eight restriction sites in Amy-2a from A/J were all present in the pancreatic gene in clone cPamE1, which is designated Amy-2.1. The identification of the salivary and pancreatic amylase genes has been confirmed by sequence analysis (data not shown). In contrast to the coding regions, the restriction sites in the flanking regions of the A/J and YBR genes are not conserved.
None of the cosmid clones contained more than a single amylase gene copy, with the exception of the cosmid cPamE1, which contains an apparent pseudogene located approximately 10 kb downstream of the Amy-2.1 gene. The pseudogene hybridizes with a full-length amylase cDNA but does not hybridize with a fragment containing only exons a and b. There were no obvious overlaps between the flanking regions of different clones.
To obtain overlapping clones that would link the salivary and pancreatic amylase genes, the cosmid libraries were screened with terminal insert fragments from the amylase clones. Terminal fragments were isolated by recircularization of cosmid DNA after digestion with a restriction enzyme that cleaves the vector DNA at a single site close to the cloning site. The method is outlined in Fig. 2 . This approach provides a rapid procedure for subcloning one end fragment ofa cloned insert. Depending upon the orientation of the gene within the insert, either a 5' or a 3' terminal fragment will be isolated. The advantage of this strategy is that chromosome walking can be carried out without extensive mapping of the insert.
Comparison of the clones obtained by chromosome walking with the original insert also provides confirmation of the integrity of the original clone.
Using this procedure, we subcloned from cosmid cSam47 a terminal fragment located present in the Amy-i clones (cSam47 and cSamD4) and in the Amy-2.1 clone (cPamEl). The restriction maps of these clones provide the overlap between the Amy-i and Amy-2.1 genes (Fig. 3) . The two genes are present in the same orientation, 5' to 3', along the chromosome and are separated by approximately 22 kb of intergenic DNA.
DISCUSSION
Chromosome walking usually requires generation of a restriction map for the entire cloned insert, followed by isolation and subcloning of fragments that have been mapped to the terminal positions. This is particularly difficult in the case of chromosome walking with cosmids because of the complexity of mapping the large cosmid inserts. The procedure outlined in Fig. 2 provides considerable advantage because subclones of a terminal fragment are obtained directly without extensive mapping or subcloning.
The results of our studies demonstrate that a mouse salivary amylase gene is located approximately 22 kb upstream from a pancreatic amylase gene. This small intergenic distance can account for the lack of recombination (6), since the predicted recombination rate would be approximately 1 per 10,000 meioses if recombination events were randomly distributed in the genome. Our result agrees closely with the intergenic distance recently observed for Amy-i and Amy-2 in strain A/J (24) and, thus, is likely to be a general result for Mus domesticus.
The YBR genome contains an additional amylase gene, Amy-2.2 (25) . We have mapped 10 kb of the 5' flanking region and 7 kb of the 3' flanking region of Amy-2.2 without encountering overlap with the 78-kb gene cluster described here. The minimal size of the YBR amylase gene region is thus 100 kb. In other inbred strains of mice, which contain extra copies of Amy-2 (19, 26) , the amylase gene region must be considerably larger. 
